Although physical activity is often believed to be influenced by both environmental and individual factors, little is known about their interaction. This study explores interactions of perceived safety and social neighborhood factors with psychosocial cognitions for leisure-time walking. Cross-sectional data were obtained from residents (age 25-75 years) of 212 neighborhoods in the South-East of the Netherlands, who participated in the Dutch GLOBE study in 2004 (N ¼ 4395, survey response 64.4%). Direct associations of, and interactions between perceived neighborhood safety, social neighborhood factors (social cohesion, social network and feeling at home) and psychosocial cognitions (attitude, self-efficacy, social influence and intention) on two outcomes of leisure-time walking [yes versus no (binary), and among walkers: minutes per week (continuous)] were analyzed in multilevel regression models. The association between attitude and participating in leisure-time walking was stronger in those who felt less at home in their neighborhood. Social influence and attitude were stronger associated with participation in leisure-time walking in those who sometimes felt unsafe in their neighborhood. A positive intention was associated with more minutes walked in those who perceived their neighborhood as unsafe among those who walked. Only limited support was found for interactions between neighborhood perceptions and psychosocial cognitions for leisure-time walking.
Introduction
Physical inactivity is among the most important and prevalent risk factors of many major diseases [1] [2] [3] [4] . Understanding why people are physically inactive is therefore of key importance in developing strategies to reduce these major diseases. Walking is a relatively easy way to be physically active; it is accessible to most people because it does not require any financial means and it can be continued into old age. Known determinants of walking are individual psychosocial cognitions, such as attitude and self-efficacy [5, 6] . In the past decade, many studies also investigated possible environmental determinants of walking, such as safety, population density and access to facilities [7] [8] [9] [10] [11] .
Thus far, many studies have looked at the relation between psychosocial cognitions and environmental factors with walking separately or have explored to what extent psychosocial cognitions mediated the influence of environmental factors on walking [12] [13] [14] [15] [16] . However, a social-ecological perspective suggests that there is an interplay between the individual and the environment. According to Emmons [17] , improving the understanding of health behaviors in their social context implies that the role of individual factors for health behaviors may depend on the environmental context. One of the core principles of ecological models is that influences interact across levels [18] . So, although such interactions are implied in ecological models [18] [19] [20] , these models do not provide specific hypotheses, and perhaps as a consequence, empirical studies into interaction effects are still scarce.
Few studies that did investigate environment-individual interactions for walking have mainly focused on built environmental factors including connectivity of streets, availability of shopping and sports facilities and neighborhood aesthetics [21] [22] [23] . Other factors, such as social environmental factors [24] [25] [26] [27] and safety concerns [28, 29] , are also suggested to be of importance for walking behavior. Rhodes et al. [22] studied the interactions between safety and psychosocial cognitions with respect to walking behavior and found that low levels of perceived crime resulted in a larger influence of attitude on the intention to walk compared with people who perceived high levels of crime. To date, there are no studies that have looked at interactions of psychosocial cognitions with social neighborhood factors such as social cohesion and social network for walking. Therefore, it is the aim of this article to explore interactions of safety and social neighborhood perceptions (neighborhood social cohesion, neighborhood social network and feeling at home within your neighborhood) with psychosocial cognitions (attitude, self-efficacy, intention and social influence) for leisure-time walking.
In general, two possible interaction mechanisms can be at play. The first mechanism proposes that the environment is less important for the decision to walk for those who have more positive psychosocial cognitions toward physical activity. When this interaction exists, people with less positive psychosocial cognitions would benefit more from a supportive environment. The other mechanism assumes a synergy between environmental factors and psychosocial cognitions; the environment is more important in the decision to walk for people with more positive cognitions. This means that the beneficial effects of having positive psychosocial cognitions and living in a stimulating environment on walking would strengthen each other. For example, among those who report to have a small social network in their neighborhood, one may expect that having a positive intention toward physical activity results in less walking than among those with a large social network, as having a smaller social network may be a barrier to putting one's positive intentions into action. The aim of this article is to investigate interactions of perceived safety and social neighborhood perceptions (neighborhood social cohesion, neighborhood social network and feeling at home within your neighborhood) with psychosocial cognitions (attitude, self-efficacy, intention and social influence) for two outcomes of leisure-time walking; any versus no leisure-time walking and among walkers: minutes per week spent on leisure-time walking.
Materials and methods

Data collection
Data for this study were collected among a stratified sample of the adult population of the city of Eindhoven and its surrounding municipalities in the Netherlands in 2004, as part of the Dutch GLOBE study. The baseline sample was stratified by age, degree of urbanization and socioeconomic status (SES). More detailed information on the objectives, study design and data collection of the Dutch GLOBE study can be found elsewhere [30, 31] . In short, the study started with a baseline survey in 1991. This baseline sample was stratified by age, degree of urbanization and SES. In 2004, a new subsample was added to the original cohort to restore population representativeness of the study sample. In this study, questionnaires from the cross-sectional sample of the fourth wave (October 2004) were used (N ¼ 4785, response 64.4%). The fourth wave was chosen because of its particular focus on neighborhood factors. The use of personal data in the GLOBE study is in compliance with the Dutch Personal Data Protection Act and the Municipal Database Act and has been registered with the Dutch Data Protection Authority (number 1248943).
Respondents with a missing outcome (n ¼ 182) or who had more than 25% missing values on the Walking for leisure among adults variables used in the analyses (n ¼ 149) were omitted from the analyses. Respondents with a missing neighborhood identifier (n ¼ 59) were also excluded. Thus, a total of 4395 respondents were included. Remaining missing values were imputed (see Statistical Analyses section). The respondents resided in 212 administrative neighborhoods of Eindhoven and its surrounding municipalities (mean number of respondents per neighborhood n ¼ 21, interquartile range ¼ 6-27).
Measures
Leisure-time walking
Leisure-time walking was assessed by the SQUASH, a validated Dutch questionnaire that measures different types of physical activity [32] . Within SQUASH, leisure-time walking (i.e. walking for recreational purposes, no transportation walking) was measured by asking the respondent how many days they walked during leisure-time in a usual week (frequency) and how much time they spend on this on those days (duration). Because many respondents did not walk at all during leisure time, the first outcome variable we analyzed was binary, namely any versus no leisure-time walking ('yes, does walk during leisure-time' versus 'no, does not walk during leisure-time'). For those who indicated to do any leisure-time walking, total minutes of leisure-time walking per week were calculated using information on frequency and duration.
Psychosocial cognitions
Psychosocial cognitions were based on the Theory of Planned Behavior [33] and the Social Cognitive Theory [34] . All items were formulated toward 'sufficient physical activity in line with recommended levels' [35] . Attitude was measured with 11 items (Cronbach's alpha ¼ 0.79) with a 5-point ordinal answering scale (1, very important to 5, not important at all). An example question was whether respondents found the argument 'it takes too much time' important in their decision to be sufficiently active. Self-efficacy was measured with two items (Cronbach's alpha ¼ 0.77). The first item asked whether respondents thought it was easy or difficult to be sufficiently physically active (1, very difficult to 5, very easy). The second item asked how sure they could be sufficiently physically active when they would want to (1, not sure at all to 5, very sure). Intention was measured with one item ('do you plan to be sufficiently physically active?'; 1, no, not sure at all to 5, yes, for sure). Social influence was measured with three items (Cronbach's alpha ¼ 0.73) that addressed whether persons important to the respondent would (i) think the respondent should be sufficiently active, (ii) stimulate the respondent to be physically active and (iii) are sufficiently active themselves. Answering categories ranged from 1, 'not true' to 3, 'yes, true'. For all psychosocial cognitions (except intention), a mean score was calculated from the relevant items within each cognition. A higher score on each scale represented a more positive cognition. All items used to construct the scales can be found in Supplementary Table S1 .
Neighborhood perceptions-social
Elements of the neighborhood social environment were measured using a 13-item scale (Cronbach's alpha ¼ 0.87). All items were measured on a 5-point ordinal scale (1, totally disagree to 5, totally agree). A principal component analyses with Varimax rotation and Kaiser Normalization distinguished three factors. The first factor was labeled 'social cohesion', defined as 'the extend of connectedness and solidarity among groups in society' [36] . An item that had a high factor loading on this factor was 'most people in this neighborhood can be trusted'. The second factor was labeled 'social network', defined as 'the presence and nature of interpersonal relationships and interactions; extend to which one is interconnected and embedded in a community' [27] . An item stat had a high factor loading on this factor was 'I often visit my neighbors in their home'. The third factor was labeled 'feeling at home in this neighborhood'. An item that had a high factor loading on this factor was 'I move out of this neighborhood if I get the chance (recoded)'. For all three factors, a standardized factor score (mean ¼ 0, standard deviation of 1) was constructed using the M. A. Beenackers et al.
factor loadings. The individual social neighborhood items, their means and standard deviations and the factor loadings can be found in Supplementary  Table S2 .
Neighborhood perceptions-safety
Perceived safety of the neighborhood was assessed with four items. The first three items assessed people's fear of being home alone or of going out on the streets in their neighborhood in the daytime or at night. The items were dichotomized into 'no, never feeling afraid' (0) and 'neutral/yes, sometimes feeling afraid' (1). The fourth item asked the respondents whether they thought their neighborhood was unsafe (no ¼ 0, yes ¼ 1). These four dichotomous items were summed up to form a scale (Cronbach's alpha ¼ 0.68). Respondents who did not agree with any of the items indicating an unsafe neighborhood were regarded as 'high' on perceived neighborhood safety; they felt safe. Respondents who agreed once or twice to a measure indicating an unsafe neighborhood were considered 'medium' on perceived neighborhood safety; they sometimes felt unsafe. Respondents who agreed to three or four of the items indicative of an unsafe surrounding were considered 'low' on perceived neighborhood safety; they often felt unsafe.
Demographics
Potential confounders included were gender, age, country of origin (the Netherlands and other country) and educational level ((i) no education or primary education; (ii) lower professional and intermediate general education; (iii) intermediate professional and higher general education; (iv) higher professional education and university or (v) missing). Educational level was included as an indicator for SES and has proven to be a good measure for SES in the Netherlands [37] .
Statistical analyses
Overall, missing values of questionnaire items varied from <1 to 3% per item, with only intention having 7% missing values. Because complete case analyses would result in a loss of 25% of the respondents, missing values for the predictors were imputed using the Expectation Maximization method [38] from PASW version 18.0. All the variables described in the method (psychosocial cognitions, neighborhood perceptions, demographics and leisure-time walking) were used in the imputation model.
Weighted multilevel logistic regression (for participation in leisure-time walking) and linear regression (for total minutes walked in a usual week, within those who walked) models were used to explore the associations between the predictors and leisure-time walking of respondents (Level 1) nested within neighborhoods (Level 2). Associations among all neighbourhood predictors and between the neighbourhood predictors and the psychosocial cognitions were at best modest (correlation coefficients <0.3). Associations between the psychosocial cognitions were as expected somewhat higher (correlation coefficients 0.1; 0.5). Although multicollinearity is not expected to be a problem because of these modest correlations, all continuous variables were mean centered to prevent multicollinearity in the interaction models and to ease interpretation. All models were weighted (Level 1 weight) to reflect the source population in terms of gender, age and educational level. Model 1 contained all neighborhood perceptions. Model 2 contained all psychosocial cognitions. Model 3 combined neighborhood perceptions with psychosocial cognitions. Subsequently, interactions were explored whereby each neighborhood-individual interaction term was added separately to Model 3 (Model 4a-p). Interactions in a logistic regression model are tested for their departure from multiplicativity (the combined 'effect' of the two factors is larger or smaller that the product of the individual 'effects'). Interactions in a linear regression model are tested for their departure from additivity (the combined 'effect' of the two factors is larger or smaller that the sum of the individual 'effects'). Because additive interactions are considered more intuitive and more relevant to public health [39] , and to increase comparability of the results for the two outcomes, the relative risk due to interaction (RERI), a measure to quantify interaction on an Walking for leisure among adults additive scale, was also calculated for all interactions departing from multiplicativity [40, 41] . The RERI is a measure of interaction between two parameters with a value further away from zero indicating a stronger interaction. The tool created by Knol and coworkers [40, 41] was used to calculate the RERI and the accompanying 95% confidence interval (CI).
All multivariable models were adjusted for age, gender, educational level and country of origin. Significance was interpreted by using the 95% CI. All regression analyses were carried out in STATA 12 using GLLAMM [42] for the logistic regression analysis to study participation in leisure-time walking and using XTMIXED to study the amount of leisure-time walking within those who walked. Significant interactions have been visualized by simple slope analyses. Table I shows the characteristics of the sample. Approximately one-third (32.7%) of the respondents reported no leisure-time walking at all. Those who did walk spent on average 212 min per week on leisure-time walking. Crude analyses as presented in Table II show that females, higher educated and older respondents were more likely to participate in leisure-time walking. Among the walkers, minutes spent per week on leisure-time walking increased with age, but decreased with educational level.
Results
Crude analyses also showed that a positive attitude [odds ratio (OR) 1.67, 95% CI 1.42-1.95], a strong self-efficacy (OR 1.20, 95% CI 1.11-1.29), a positive social influence (OR 1.39, 95% CI 1.22-1.57) and a strong intention toward physical activity (OR 1.37, 95% CI 1.27-1.47) were positively associated with participating in leisure-time walking (Table II) (Table II) . None of the neighbourhood perceptions were significantly associated with minutes walked.
Adjusted for potential demographic confounders and the other neighborhood perceptions, individuals with a larger social network (OR 1.14, 95% CI 1.07-1.22) were more likely to engage in walking in leisure time (Model 1, Table III ). The association remained significant after additional adjustment for the psychosocial cognitions (Model 3, Table III ). Of the psychosocial cognitions, all but self-efficacy remained a significant predictor of leisure-time walking after adjusting for the potential demographic confounders and the other psychosocial cognitions (Model 2, Table III ). After additional adjustment for the neighborhood perceptions, the associations between social influence and leisure-time walking were no longer significant [although there was only little change in the point estimate (Model 3, Table III )], whereas attitude and intention remained significant.
In those who walked during leisure time, a strong self-efficacy was associated with longer total duration of walking during leisure time, also in the fully adjusted model (b 38.31, 95% CI 27.37-49.25) (Model 3, Table IV ). In Model 3, there was also a significant inverse association between perceived social cohesion in the neighbourhood and minutes walked (b À11.69, 95%CI À21.00 to À2.38]) (Model 3, Table IV ).
Interactions
Additional inclusion of the interaction terms resulted in three significant interactions for participation in leisure-time walking in the regression models. The calculated RERIs basically followed the results of the multiplicative interactions. Safety interacted significantly with both attitude and social influence. The association between attitude and participation in leisure-time walking in people who sometimes felt unsafe was 1.59 times as high compared with those who never felt unsafe (95% CI 1.10-2.31) (as visualized in Fig. 1 ). This pattern was not observed for those who often felt unsafe M. A. Beenackers et al.
in their neighborhood (OR 1.04, 95% CI 0.59-1.83]). The interaction between social influence and safety was similar in such a way that the association between social influence and participation in leisure-time walking was 1.36 as high in those who felt sometimes unsafe compared with those who never felt unsafe in their neighborhood (as visualized in Fig. 2 ). This pattern was not observed for those who often felt unsafe (OR 0.85, 95% CI 0.53-1.35). The third interaction was between feeling at home in your neighborhood and attitude (OR 0.87, 95% CI 0.75-1.00); among those feeling more at home, attitude had a weaker association with participation in leisure-time walking, than among those feeling less at home in their neighborhood (visualized in Fig. 3) .
Among those who walked during leisure time, one significant interaction was observed for total minutes walked per week. In those who felt unsafe, a positive intention was associated with over 30 min more walking during leisure time compared with those who did not feel unsafe and had a positive intention toward physical activity. This interaction has been visualized in Fig. 4 .
Discussion
This study is among the first to evaluate interactions between elements of the social environmental and safety in neighborhoods and psychosocial cognitions toward leisure-time walking. Several interactions were found but no clear pattern could be detected.
Our finding of an association among attitudes, self-efficacy, social influence, intention and leisure-time walking is in line with both theory and previous empirical research [5, 6] . Interestingly, a positive social influence was associated with participating in leisure-time walking but not with minutes walked. Also, our finding that a large social network was positively related to participating in leisure-time walking has been found in previous studies [24] [25] [26] [27] . The negative association between neighborhood social cohesion and minutes walked among the walkers was unexpectedly and without a plausible explanation.
This study extends on previous research by exploring environment-individual interactions. Three interactions were found with perceived neighborhood safety. For participation in leisure-time Social neighbourhood factors ('social cohesion', 'social network' and 'feeling at home') were not included in this table because they were standardized factor scores (mean ¼ 0, standard deviation of 1). The mean and standard deviations for the individual items that were used to construct the factor scores can be found in Supplementary Table S2 .
Walking for leisure among adults walking, perceived neighborhood safety interacted with attitude and social influence: in those who sometimes felt unsafe, a positive attitude and a positive social influence were significantly stronger associated with any leisure-time walking. This pattern was not observed for those who often felt unsafe. This finding was different from findings by Rhodes et al. [22] who found that low levels of perceived crime resulted in a larger influence of attitude on the intention to walk compared with people who perceived high levels of crime. For our second outcome, minutes walked among those persons who engaged in leisure-time walking, also an interaction with safety was found: those who perceived feelings of unsafety but had a positive intention to walk in leisure time walked $30 min per week more than persons who felt safe in their neighborhood and persons who lacked intention to walk. Although these unexpected interactions with safety are hard to interpret, a possible explanation may be found in the association between safety and walking itself. Although we were primarily interested in the influence of neighborhood safety on leisure-time walking, the cross-sectional nature of this study cannot preclude the direction of association. Therefore, it is possible that those who walk in their neighborhood are more likely to report feelings of unsafety because they are more exposed to their neighborhood. This inverse association between neighborhood safety and physical activity has been observed before [43, 44] . The final interaction observed was between feeling at home and attitude, whereby feeling at home in your neighborhood was stronger associated with Bold figures indicate statistical significance (P < 0.05), *P < 0.05, **P < 0.01, ***P < 0.001. M. A. Beenackers et al. minimal. Only in the interaction models with perceived neighborhood safety (4a-d), the ORs for the cognition in the interaction term will be notably different than those represented here (in italics). When an interaction term is added to the model, the ORs for the cognition involved will change to the OR for that cognition in the reference situation (people who perceive their neighborhood as safe).
d
The parameters of the interaction terms should be interpreted as multiplicative factors.
Walking for leisure among adults Most of the odd ratios for the predictors already in Model 3 (in italics) can vary slightly with each version of Model 4. However, these changes are only minimal. Only in the interaction models with perceived neighborhood safety (4a-d), the odd ratio for the cognition in the interaction term will be notably different than those represented here (in italics). When an interaction term is added to the model, the odd ratio for the cognition involved will change to the odd ratio for that cognition in the reference situation (people who perceive their neighborhood as safe).
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engaging in leisure-time walking in those with a below average attitude. This interaction could indicate the existence of the first mechanism proposed in the Introduction: those who have negative psychosocial cognitions benefit more from a positive neighborhood environment than those with more positive psychosocial cognitions toward physical activity. Or, stated the other way around, not Walking for leisure among adults feeling at home in your neighborhood may not be a barrier for walking among those with a positive attitude toward physical activity, as this positive attitude makes them more likely to be active anyway. Overall, we found limited empirical support for interactions, and neither of the proposed mechanisms was clearly favored in our results although the interaction between feeling at home and attitude hints at the first mechanism in which those with negative psychosocial cognitions benefit most from a positive neighborhood environment. The recent study by Carlson et al. also found a limited number of interactions [21] . In their article, they studied the interactions among walkability, parks and recreation facilities, aesthetics and walking facilities within the neighborhood with social support, self-efficacy and perceived barriers on leisuretime walking. They found one significant interaction between walking facilities and self-efficacy in which self-efficacy was only associated with leisure-time walking in neighborhoods with few walking facilities. This interaction also supports the first proposed mechanism in which positive psychosocial cognitions can help to overcome neighborhood barriers. Although methodological reasons, including lack of statistical power and measurement error in environmental and (to a lesser extent) individual factors, may have contributed to this finding, it is also possible that walking behavior mainly is a result of a combination of environmental and individual factors, in which only few interactions are involved, which have little implications for public health practice. However, the strong theoretical support for environment-individual interactions in ecological models prompts for more research that indentifies and quantifies these interactions.
Study limitations and strengths
Several limitations need to be considered in the interpretation of the findings of this study. First, the cross-sectional design restricts interpretation on causality and direction of the associations. This is particularly relevant because of the increasing recognition of a dynamic interrelation in which individuals change places and places change people [45] . Second, our psychosocial cognitions were measured with regard to 'sufficient physical activity in line with recommended levels' where it would have better preferred to ask this specifically for leisure-time walking. This may have resulted in an underestimation of associations with leisure-time walking. Third, self-reported physical activity data are known for overestimations. In addition, the SQUASH questionnaire was validated for total physical activity but not for the underlying specific activities such as leisure-time walking. Because this study used a robust dichotomous measure, it is expected to be of little influence although we can not exclude some bias in the associations. Finally, the results of this study should be interpreted in the context of a medium-sized city in the Netherlands. The situation in Dutch urban areas may not be representative for other urban areas in the world.
Conclusion
This study explored interactions between neighborhood factors and psychosocial cognitions for explaining leisure-time walking in adults and found limited evidence for these interactions. The relationship between neighborhood and individual determinants of walking and environment-individual interactions remains complex, and more studies are needed that incorporate these interactions to strengthen these results.
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